Abstract Rapid and accurate identification of waterborne pathogens, such as Vibrio cholerae, in drinkingwater sources is important to enable effective resource management and public health protection. Phenotypic systems currently being used for the identification of Vibrio cholerae isolates are time-consuming and the need exists for the development of suitable molecular techniques that can offer both fast and reliable identification. During this study, isolates identified as Vibrio cholerae by means of two different biochemical test systems (API 20E and VITEK 32) were analysed with the polymerase chain reaction (PCR) to compare the reliability of the various identification systems. The selected PCR technique amplified a sequence within the outer membrane protein of Vibrio cholerae, a gene specific for V. cholerae. It was found that out of 243 isolates biochemically identified as V. cholerae with either the API or VITEK system, 21 isolates did not give a positive result with the PCR detection method. Sequencing the 16S rDNA of more than half of these isolates and comparison of the sequences with Internet databases indicated that most of the isolates belonged to the genus Aeromonas. The results indicated that the rapid PCR procedure was more accurate than the API or VITEK systems currently being used for the phenotypic identification of Vibrio cholerae isolates.
Introduction
Cholera, a disease that has plagued mankind from ancient times, continues to be an important cause of morbidity and mortality in many areas of Asia, Africa and Latin America. During 2001, more than 180,000 cases from 58 countries were officially reported to the World Health Organization, but it is believed that this figure did not reflect the overall burden of the disease, due to widespread under-reporting and surveillance limitations (WHO, 2002) . Of the cases reported during 2001, 58% were from South Africa, representing one of the worst outbreaks in the recent history of the country. The importance of surveillance systems in the protection of vulnerable populations and the prevention of potential cholera outbreaks has been stressed (WHO, 2002) . For reliable surveillance systems and the implementation of effective control measures it is, however, of the utmost importance to be able to rapidly identify Vibrio cholerae.
Identification of V. cholerae is usually achieved through a series of biochemical tests after isolation of the bacterium on selective media, e.g. TCBS agar (Kobayashi et al., 1963) . The major disadvantage of this approach is that it is laborious and time-consuming. Close-relatedness with other members of the genus Vibrio and Aeromonas has also made the identification of Vibrio cholerae difficult (Farmer and Hickman-Brenner, 1992) . Many of the problems associated with biochemical identification of bacteria can, however, be overcome by targeting species-specific genes using, for example, the polymerase chain reaction (PCR). The PCR approach is not only labour-effective but is also a rapid, reliable and extremely sensitive technique (Saiki et al., 1988) . The need was, therefore, recognised for a PCR-based detection method that would offer these advantages and could form part of an environmental surveillance system. Primers targeted to the outer membrane protein gene (ompW), which is highly conserved and unique to V. cholerae, have been shown to be specific for the PCR-based detection of V. cholerae isolates (Nandi et al., 2000) . These primer pairs were evaluated by screening 243 environmental isolates previously identified by the API 20E or VITEK 32 systems as V. cholerae strains.
Materials and methods

Bacterial strains
The bacterial isolates were obtained over a period of two years from 14 sampling sites in the Vaal Barage Catchment, South Africa. The strains were isolated from TCBS plates (Oxoid) and subsequent cultivation and maintenance were performed on nutrient agar (Difco) at 37°C.
API and VITEK identification
Isolates that produced yellow colonies on TCBS agar were identified with the API 20E system (BioMerieux) and the automated VITEK 32 system using the Gram-negative identification card (BioMerieux). The identification of the strains was performed according to the manufacturer's instructions.
Preparation of DNA
DNA was extracted from the bacterial strains by a rapid boil-lysate technique. Bacterial colonies from overnight cultivation on nutrient agar plates were suspended in 100 µL of sterile water. The bacteria were lysed by boiling for 10 min. Centrifugation (10,000×g, 1 min) was used to remove cell debris, and the supernatant containing the DNA was used in the PCR. The DNA was either used immediately or stored at -20°C until used.
Selection of primers
The three primers (Table 1 ) used in the PCR detection method were designed by Nandi et al. (2000) on the basis of the ompW nucleotide sequence data. Primers pair VIB1 and VIB2 yielded an amplicon of 588 bp, while primers VIB1 and VIB3 yielded an amplicon of 304 bp. Universal 16S primers (Table 1) were used in 16S rDNA amplification. Primers fD1 and rP2 (Weisburg et al., 1991) produced an amplicon of 1,295 bp.
DNA amplification with ompW primers PCR amplification of the target DNA was carried out in a thermal cycler (Perkin-Elmer 2400 Gene-amp) in 200 µl PCR tubes with a reaction mixture volume of 50 µl. Each of the reaction mixtures contained 10 µl of bacterial lysate, 0.2 µM of each of the dNTPs, 2 mM MgCl 2 , 1× reaction buffer, 1 µM of each of the primers (combinations of primers VIB1 and VIB2, and VIB1 and VIB3 were used) and 1U Taq DNA polymerase (JMR). During the PCR reaction, heat denaturation at 94°C for 3 min was followed by 30 cycles consisting of heat denaturation at 94°C for 1 min, primer annealing at 62°C for 1 min and DNA extension at 72°C for 1 min. After the last cycle was completed, the reaction sample was kept at 72°C for 7 min to complete synthesis of all strands. Negative controls were included, which were made of reaction mixtures containing all reagents but without the bacterial lysate added. 
The amplification products were separated by electrophoreses in 1% agarose gels; visualisation was achieved by ethidium bromide staining and UV transillumination.
16S rDNA sequencing
A thermal cycler (Perkin-Elmer Gene-amp 2400) was used to amplify the 16S rDNA of selected isolates only phenotypically identified as V. cholerae. Each of the 25 µL reactions contained 0.2 µM of each dNTP, 2 mM MgCl 2 , 1× reaction buffer, 1 µM fD1 Universal 16S primer, 1 µM rP2 Universal 16S primer, 1U Taq polymerase (JMR) and 5 µL of the bacterial lysate. During the PCR reaction, heat denaturation at 94°C for 3 min was followed by 30 cycles consisting of heat denaturation at 94°C for 1 min, primer annealing at 55°C for 1 min and DNA extension at 72°C for 1 min. After the last cycle was completed, the reaction sample was kept at 72°C for 7 min to complete synthesis of all strands. The synthesised PCR product was purified using the QIAquick PCR purification kit (Qiagen). Each of the 5 µL sequencing reactions contained 2 µL Big Dye reaction mixture (Applied Biosystems), 10 µM fD1 Universal 16S primer and 1 µL of the purified PCR product. For the reaction, an initial denaturation step at 96°C for 5 s was followed by 25 cycles which consisted of denaturation at 96°C for 5 s, annealing at 50°C for 5 s and extension at 60°C for 4 min. The product of the reaction was purified and loaded onto an automated sequencer (ABI prism 3100) for final analysis. The DNA sequences were subjected to BLAST searches at NCBI (www.ncbi.nlm.nih.gov) and the sequences of highest similarity were taken to be the closest relative.
Results
Two primer-pair combinations, the VIB1/VIB2 and VIB1/VIB3, were initially evaluated. The combination of primer VIB1 and primer VIB2 gave unspecific amplification, with 5/40 isolates screened, resulting in multiple amplicons instead of the expected 588 bp amplicon. All V. cholerae isolates screened with the primer combination of VIB1 and VIB3 gave only the expected amplicon of 304 bp. Based upon this evaluation, the VIB1 and VIB3 primer combination was selected for further use during the study. A total of 243 isolates, which were initially identified as V. cholerae using the API and VITEK biochemical systems, were screened using primer set VIB1/VIB3, of which 21 did not produce an amplicon with the selected primer pair; these were designated as PCR-negative. Of these PCR-negative isolates, 15 were randomly selected and subjected to partial 16S rDNA sequencing (average fragment length 500 bp). The sequences obtained were compared with known 16S rDNA sequences and all, but one, were found to be Aeromonas spp. (Table 2 ). The one exception corresponded to the sequence of an unidentified marine bacterium belonging to the genus Bacillus. The identity of four V. cholerae isolates positively identified by all three identification methods was verified by means of sequencing. All four isolates had 16S rDNA homologous to that of V. cholerae. The reasons for the erroneous identification of Aeromonas spp. as V. cholerae isolates were further investigated. All of the 21 PCR-negative isolates were identified as V. cholerae with the API 20E system. The API database employed five test results to distinguish specifically between V. cholerae and most of the Aeromonas spp. These were arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and the utilisation of amygdalin and arabinose. Most of the 21 isolates gave patterns typically associated with V. cholerae and were, therefore, classified as such. No single test could be found to be responsible for the inaccurate classification of the isolates using the API system. The VITEK system has at least four tests that can assist in distinguishing between these two closely related genera, but identified 15 strains incorrectly as V. cholerae. These tests were arginine dihydrolase, D-glucosidase, utilisation of aesculin and the inhibition by p-coumaric.
Discussion
With the PCR procedure being evaluated, we found that 21/243 isolates phenotypically identified as V. cholerae did not give positive results with the PCR method. The automated biochemical identification approach (VITEK) and API procedure, therefore, had a reliability of 94% and 91% respectively. Partial sequencing of the 16S rDNA region indicated that most of the misidentified isolates were Aeromonas spp. (Table 2 ). This was not surprising, since Aeromonas and Vibrio spp. are phenotypically closely related (Farmer and HickmanBrenner, 1992) . Eight of the sequences corresponded best with A. veronii, an atypical Aeromonas species that is very difficult to distinguish from V. cholerae when only a limited number of biochemical tests are performed (Holt et al., 1994) . No specific tests could be singled out to be responsible for the inaccurate identification of the isolates by the API or VITEK systems. The inaccuracy in the VITEK and API identifications was rather the result of a lack of resolution when trying to identify closely related species with these systems.
The ompW based primer pair used in this study was found to be a very effective, reliable and rapid technique for the identification of V. cholerae isolates. This method, combined with a previously described PCR procedure for the identification of toxigenic V. cholerae isolates (Theron et al., 2000) , would be ideal for surveillance studies and investigations into cholera outbreaks. When working with closely related species, techniques with higher resolution are required for accurate identification. PCR certainly has the edge over conventional phenotypic identification methods in this respect, and should find wider application in the water industry.
